A number of experimental and clinical studies have attempted to relate left ventricular pacing site in normal and abnormal hearts to QRS morphology and frontal plane axis of the 12-lead ECG.1-5 The stimulation site in these studies has been determined by multiplane fluoroscopy in the case of endocardial pacing and by direct observation with epicardial pacing. The discrimination capability of these studies has been limited to QRS pattern identification associated with stimulation of "regions" of the left or right ventricles. A patient study by Kadish et al,5 with the most rigorous criteria for visual comparison of ECG waveform, suggested that spatial resolution of the technique of using the 12-lead ECG to discriminate between pacing sites is "generally" about 5 mm. Body surface potential mapping has also been used to identify sites of ectopic ventricular stimulation. Spach et a16 used body surface potential mapping to distinguish between seven epicardial pacing sites in the chimpanzee. Several investigators have used similar techniques in patients to locate accessory pathways in preexcitation syndromes.7-9 A body surface mapping study by Hayashi et 
Analysis
Each recording of 64 leads was processed in the same manner. Briefly, three to six QRS complexes from each recording were ensemble averaged to improve signal-to-noise ratio and reduce effects of baseline drift. Potentials at each site were calibrated to a prerecorded signal, and linear baselines defined between adjacent TP segments were subtracted from each lead. Isointegral maps of QRS and ST-T intervals were displayed to ensure that no data were missing or noisy. If such was the case, the data were interpolated, but typically there were no defective recordings. In addition, root-mean-square (RMS) voltage curves were plotted, from which baseline determination was assessed and modified if necessary and from which onset and offset of QRS and offset of T were manually determined.
The two map sequences were cross-correlated in time using all 64 leads and time shifts of +n milliseconds, where -20<n<20. The maximum correlation was noted and used as an index of map similarity. In addition, a difference map was obtained by subtracting the time-aligned maps lead by lead and instant by instant throughout the QRS. RMS voltage of the difference maps was calculated for each instant in the QRS, and an average RMS voltage throughout the QRS was calculated. Maximum correlation, average RMS error, and pacing site separation were tabulated for statistical analysis.
The ability of maximum correlation and average RMS voltage to discriminate stimulus site separation from the maps was assessed by the nonparametric, upaired, KolmogorovSmirnov test. Comparisons were made for each catheter placement and not between catheter placements. Because we had no accurate means to precisely measure distance between catheter placements, no attempt was made to differentiate between sites existing in different placement sequences. If the repeat measurements for a given catheter placement were not in agreement (differences of the same pacing site measured at two different times greater than the differences of sites separated by 2 mm), then data from the entire placement were excluded, with the presumption that the catheter had moved sometime during the study. This occurred in 10% of instances, and the data were not included in the final analyses.
For illustration purposes and to approximate subjective pacing site distance discrimination capability of the standard ECG during ventricular pacing, we used 8 leads derived from the 64 evenly spaced body surface leads (3 limb Comparison indexes between all pacing site pairs were stratified according to distance between pacing sites, tabulated, and assessed for significance. Beat-to-beat variation of paced complexes was assessed for all stimulation Pacing Site Separation (mm) To simulate difficulties of the currently used technique of visual comparison of standard ECG leads, we constructed 8-lead ECGs from the 64-lead array. The leads included the standard limb leads I, II, and III and 5 precordial leads as used in canine electrocardiography.14 A pacing sequence from a catheter placement in one experiment was chosen as an example of the difficulty of using only visual comparison of recorded potentials in too few leads. Fig 5, left column, shows the 8-lead ECG of an index pacing site, and the middle and right columns show the same 8 leads recorded from pacing at sites 2 mm and 8 mm distant from the index site. Pacing cycle length was 400 milliseconds. Visual concordance of each ECG lead is high. Currently used criteria for similarity of complexes would probably conclude that there was no separation of pacing sites. by only 2 mm, and the discrimination distance of the methods used was 4 mm. It is unlikely that variation in stimulation electrode site in each pair had a bearing on results of the study, since differences in maps were always significant when pacing sites were known to be separated by 4 mm or more. It also seems unlikely that discrimination of distances less than 4 mm is possible with the methods described here.
Although this study was performed in dogs with normal hearts, the methods can be adapted to patients. The precision of distance discrimination using the methods described in this study in patients with diseased hearts and localized areas of conduction delay are unknown. This study does suggest that an evaluation in coronary artery disease patients of the utility of body surface potential mapping to discriminate pacing sites may be useful. Recording electrodes are available that are invisible on fluoroscopy and do not interfere with catheter visualization.'7 It is also possible but not documented that limited lead arrays18 such as the 32-lead array currently used in recording body surface maps from patients at our institution and others would provide adequate discrimination of different pacing sites without the inconvenience of more extensive arrays.
